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James J. Dieh l  
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SUMMARY 
Formal a p p r o v a l  t o  proceed w i t h  t h e  procurement of two T i l t  Rotor 
Research A i r c r a f t  was r e c e i v e d  by Ames Research Center  i n  t h c  F a l l  of 1972.  
The j o i n t l y  funded and managed NASA/Army program would be accomplished by a n  
A i r c r a f t  C o n t r a c t o r  s e l e c t e d  by a  Source  E v a l ~ a t i o n  Board. The u s e  of a  
f o r m a l  Cost /Performance Management System was n o t  env i s ioned  a t  p r o j e c t  
i n i t i a t i o n  b u t  evolved a s  a  r e s u l t  of t h e  winning C o n t r a c t o r ' s  p roposa l .  
T h i s  paper b r i e f l y  p r e s e n t s  t h e  fundamentals  of t h e  Cost/Performance System 
u s e d ,  t h e  C o n t r a c t o r ' s  r e p o r t i n g  system, zhe  Government P r o j e c t  Off i c e ' s  
a n a l y s e s ,  and t h e  u s e  of t h i s  t y p e  of r e p o r t i n g  system and recommendations 
concern ing  t h e  u s e  o f  l i k e  sys tems on f u t u r e  p r o j e c t s .  
INTRODUCTION 
I n  t h e  F a l l  of 1972,  fo rmal  a p p r o v a l  was r e c e i v e d  by A m e s  Research 
Cen te r  t o  proceed w i t h  procurement of two T i l t  Rotor  Research A i r c r a f t .  The 
p r o j e c t  w a s  t o  be j o i n t l y  funded and managed by NASA and t h e  U.S. Army 
Research and Development L a b o r a t o r i e s ,  w i t h  t h e  a c t u a l  d e s i g n ,  f a b r i c a t i o n ,  
and i n i t i a l  t e s t i n g  of t h e  a i r c r a f t  t o  b e  accomplished by a n  A i r c r a f t  
C o n t r a c t o r ,  which woult  be  s e l e c t e d  a f t e r  formal  compet i t ion .  The u s e  of a  
f o r m a l  Cost /Performance Measurement System was n o t  env i s ioned  a t  p r o j e c t  
i n i t i a t i o n ,  b u t  evolved a s  a  r e s u l t  of t h e  winning C o n t r a c t o r ' s  p roposa l ;  
t h a t  i s ,  a  c o s t / p e r f o r m a n c e  system was proposed by t h e  winning C o n t r a c t o r  and 
was accep ted  by t h e  Government. T h i s  paper  w i l l  b r i e f l y  d e s c r i b e :  (1)  t h e  
fundamentals  of  t h e  Cost/Performance System used ,  (2 )  t h e  C o n t r a c t o r ' s  
r e p o r t i n g  sys tem,  ( 3 )  t h e  P r o j e c t  O f f i c e  a n a l y s e s ,  (4 )  t h e  u s e f u l n e s s  t o  t h e  
Government o f  t h i s  t y p e  of  r e p o r t i n g  sys tem,  and (5) recommendations f o r  t h e  
u s e  of similar sys tems on f u t u r e  p r o j e c t s .  
Throughout t h e  paper ,  t h e  t e r m  P r o j e c t  O f f i c e  w i l l  mean t h e  Government 
+ 
P r o j e c t  O f f i c e  l o c a t e d  a t  NASA-Ames Research Cen te r .  The C o n t r a c t o r ' s  
P r o j e c ~  O f f i c e  w i l l  be  r e f e r r e d  t o  a s  C o n t r a c t o r .  Abbreviated terms w i l l  be  
s p e l l e d  o u t  t h e  f i r s t  t i m e  t h e y  a r e  used.  A g l o s s a r y  of terms unique t o  t h e  
Cost /Performance System is  provided as t h e  appendix .  
PROJECT BACKGROUND AND INITIATION 
C o n t r a c t s  were awarded on October 20, 1972 t o  B e l l  H e l i c o p t e r  Company 
and Boeing-Vertol Company f o r  d e t a i l e d  a n a l y s e s ,  p r e l i m i n a r y  d e s i g n ,  and 
program p lann ing  (Phase I ) .  The f i n a l  r e p o r t s  of t h e s e  c o n t r a c t s  were f i r m  
p r o p o s a l s  f o r  t h e  d e t a i l  d e s i g n ,  f a b r i c a t i o n ,  and f l i g h t  t e s t  of t h e  a i r c r a f t  
(Phase 1 1 ) .  Phase I was a  three-month e f f o r t  w i t h  t h e  f i n a l  r e p o r t s  
(proposa5s)  rece ived  i n  January 1973. A fo rmal  Source Eva lua t ion  Board (SEB) 
was convened a t  Ames Research Center  and was charged w i t h  r e s p o n s i b i l i t y  f o r  - 
reviewing each company's p roposa l  and p rov id ing  t h e  NASA Admin is t ra to r  ( t h e  
S e l e c t i n g  O f f i c i a l )  w i t h  t h e i r  recommendations. The e v a l u a t i o n  was completed,  
and i n  A p r i l  1973 Bell H e l i c o p t e r  Textrou (BHT) ( fo rmer ly  B e l l  H e l i c o p t e r  
Company) was s e l e c t e d .  N e g o t i a t i o n s  began a t  t h i s  t i n e ,  and t h e  fo rmal  
c o n t r a c t  award f o r  Phase I1 was made on J u l y  31, 1973. 
P r i o r  t o  t h e  award of t h e  Phase  I c o n t r a c t s ,  each c o n t r a c t o r  was g iven  a 
d e t a i l e d  S ta tement  of Work (SOW) which was t h e  b a s i s  f o r  t h e i r  Phase I1 
proposa l .  Included a s  p a r t  of t h i s  SOW was a  proposed r e p o r t i n g  system f o r  
t h e  p r o j e c t .  The r e p o r t i n g  system was based on t h e  NASA 533 s e r i e s  o f  c o s t  
r e p o r t s  and inc luded ,  as an  o p t i o n ,  t h e  NASA Form 533P (Cont rac to r  Per-  
formance Ana lys i s  Report ,  r e f .  1 ) .  The d e t a i l e d  r e p o r t a b l e  items on bo th  t h e  
NASA Form 533P and t h e  o t h e r  NASA 533 r e p o r t s  were based on a P r o j e c t  O f f i c e  
Work Breakdown S t r u c t u r e  (PWBS) which was a l s o  inc luded  i n  t h e  Government 
SOW. 
The PWBS included i n  t h e  Phase I SOW i s  shown as  f i g u r e  1. Each 
c o n t r a c t o r  was t o l d  t h a t  they must p r e p a r e  p l a n s  and s c h e d u l e s  f o r  t h e  
conduct of Phase  I1 i n  s t r i c t  accordance w i t h  t h e  PWBS. They could submit 
a d d i t i o n a l  p l a n s  and schedu les  keyed t o  a  d i f f e r e n t  WBS. With minor ex- 
c e p t i o n s ,  t h e  c o n t r a c t o r s  adhered t o  t h e  PWBS. 
PHASE I1 
Source  S e l e c t i o n  - System D e s c r i p t i o n  
A s  s t a t e d  above, B e l l  H e l i c o p t e r  Textron (BHT) w a s  s e l e c t e d  t o  perform 
Phase I1 of t h e  T i l t  Rotor P r o j e c t  i n  A p r i l  1973. A s  a  p a r t  of t h e i r  Phase 
I1 p r o p o s a l ,  BHT proposed t h e  u s e  of t h e i r  new Management Cont ro l  System 
(MCS) f o r  t h e  T i l t  Rotor Cont rac t .  The MCS w a s  developed by BHT t o  p rov ide  
a  s i n g l e  i n t e g r a t e d  sys tem f o r  cos t /pe r fo rmance  c o n t r o l  which would s e r v e  t h e  
needs  of company management and a t  t h e  same t i m e  p r o v i d e  t h e  c a p a b i l i t i e s  
n e c e s s a r y  t o  s a t i s f y  Department of Defense c o s t  r e p o r t i n g  requ i rements  
e s t a b l i s h e d  i n  DOD I n s t r u c t i o n  7000.2 Cost /Schedule  C o n t r o l  System C r i t e r i a  
(C/SCSC, r e f s .  2  and 3 ) .  During n e g o t i a t i o n s  t h e  P r o j e c t  O f f i c e  determined 
t h a t  w h i l e  BHT could r e p o r t  t o  t h e  Government u s i n g  t h e  NASA 533 f o r m a t s ,  
t h e s e  would n o t  be t h e  r e p o r t i n g  fo rmats  used t o  r e p o r t  t o  company manage- 
ment. T h e r e f o r e ,  t h e  d e c i s i o n  w a s  made t o  d rop  t h e  NASA 533 r e p o r t i n g  
requ i rements  e x c e p t  i n  t h e  top summary l e v e l s  ( l e v e l  2  of t h e  WBS) and u s e  
t h e  MCS s y s t e m s  a s  t h e  p r imary  c o n t r a c t  r e p o r t i n g  sys t em.  The a d v a n t a g e  o f  
t h i s  a p p r o a c h  was t h a t  BHT c o u l d  t a i l o r  t h e i r  p l a n n i n g  and c o n t r o l  sy s t em t o  
t h e  manner i n  wllich t h e y  a s s i g n  r e s p o n s i b i l i t y  f o r  c a r r y i n g  o u t  t h e  work. 
The P r o j e c t  Office. d i d  n o t  t e l l  UllT how t h e y  s h o u l d  f a s h i o n  t h e i r  i n t e r n a l  
c o n t r o l  s y s t e m ,  b u t  by u s i n g  a  n e g o t i a t e d  C o n t r a c t  Work Breakdown S t r u c t u r e  
(cWBS) e s t a b l i s h e d  t h c  c r i t e r i a  t h a t  would meet t h e  P r o j e c t  O f f i c e r  's  
r e q u i r e m e n t s .  
Dur ing  n e g o t i a t i o n s ,  a CWUS ( f i g .  2 )  was a g r e e d  t o ,  and t h i s  formed t h e  
c r i t e r i a  f o r  BHT's r e p o r t i n g  b o t h  internri l1.y and t o  t h e  l 'roj c c t  Off ice. 
A f t e r  f o r m a l  c o n t r a c t  award ( J u l y  31 ,  1 9 7 3 ) ,  BHT was t a s k e d  w i t h  e s t a b l i s h i n g  
b u d g e t s  f o r  e a c h  e l e m e n t  i n  CWBS. These  b u d g c t s  c o n s t i t u t e d  t h e  Budget 
B a s e l i n e  o f  t h e  c o n t r a c t  and oecaloe t h e  mechanism f o r  d e t e r m i n i n g  BHT's pe r -  
formance .  The Budget B a s e l i n e  was s u b m i t t e d  t o  t h e  P r o j e c t  O f f i c e  i n  
December 1 9 7 3  and was s u b s e q u e n t l y  app roved .  T h i s  b a s e l i n e  became f i x e d  f o r  
t h e  te rm o f  t h e  c o n t r a c t ,  w i t h  t h e  e x c e p t i o n  o f :  (1)  a Management Rese rve  
amount ( a p p r o x i m a t e l y  10%) wl i ic l~  was tield by Bt.n' ,  and ( 2 )  a d d e d / d e l c t e d  s c o p e  
t o  t h e  c o n t r a c t .  A t  any  p o i n t  i n  t ime  t h e  t o t i l l  b a s e l  i n c  p l u s  any  man;lgemcnt 
r e s e r v e  s t i l l  h e l d  by BliT would e q u a l  t l ~ e  t a r g e t  c o s t  o f  t h e  c o n t r a c t .  The 
f i x i n g  oC a Budget  Uase l i l i c  t h a t  i.ould n o t  be changed e x c e p t  by t t lc  mechanism 
mentioned a b o v e  d o e s  away w i t h  some th ing  t h a t  h a s  Iiaunted p r o j e c t s  i n  t h e  
p a s t  c a l l e d  a Rirbbcr B a s e l i n e .  T h i s  i s  t h e  p r a c t i c e  of  r e p l a n n i n g  tlirougli 
t l i e  c o u r s e  of t h C  p r o j e c t  i n  s u c h  a  maliner t h a t  eac l i  time r c p i n n n i n g  o c c u r s  
t h e  p r e v i o u s  p l a n  i s  e r a s e d  a n d ,  i n  I t s  p l a c e ,  a  new p l a n  i s  deve loped  which  
c o n f o r n ~ s  t o  a c t u a l  pe r fo rmance  t o  d a t e .  T h i s  amounts  t o  r e t r o a c t i v e  p l a n n i n g  
and p r e s e n t s  n s i t u a t i o n  i n  which a n  o b s e r v e r ,  who was n o t  previous1.y i n -  
v o l v e d ,  would c o n c l u d e  t h a t  e v c r y t l i i n g  had been s r ~ t i s f a c t o r y ,  had proceeded  
a s  p l a n n e d ,  and  t h a t  any  problems t h a t  we re  l i k e l y  t o  o c c u r  would o c c u r  somc- 
time i n  t h e  f u t u r e .  U t  i l . : l z ing  t h e  f ixcd  Budget  B a s e l i n e  t h e  o r i g i n a l  
s t a r t i n g  p o i n t  may a lways  b e  compared w i t 1 1  c u r r e n t  e s t i m a t e s .  
The UlIT r e p o r t i n g  sy sLcnl was a t  tlie WUS e l e m e n t  l e v e l ;  however,  t h e  
C o n t r a c t o r  internally planned  and budgeted  t h e i r  work down t o  t h e  l e v e l  o f  
s h o r t - s p a n  i n c r e m e n t s  o f  work c a l l e d  work packngcs  - packages  of  o n c ,  two, 
o r  t h r e e  m o n t l ~ s  i n  d u r a t i o n .  These  t y p e s  of  b u d g e t s / c o s t  a c c o u n t s  were  
i s s u e d  t o  e a c h  f u n c t i o n a l  a r e a  ( i .  e .  , E n g i n e e r i n g ,  M a n t ~ f a c t u r i n g ,  T o o l i n g ,  
e t c .  ) and c o n t n i n e d  botti  man-hour b u d g e t s  and s c l ~ e d u l c s .  Each f u n c t i o n a l  
a r e a  i n  t u r n  i s s u e d  work a u t h o r i z a t i o n s  t o  i t s  r e s p e c t i v e  o r g a n i z a t i o n .  The 
m a t r i x  shown a s  f i g u r e  3 g r a p h i c a l l y  d e p i c t s  t h e s e  c o s t  a c c o u n t s .  
) l a t e r i a l  i s  s c h e d u l e d  i n  two p h a s e s :  comniitment and r e c e i p t .  Dur ing  
t h e  commitment p h a s e  t l i e  m a t e r i a l  i s  t r a c k e d  by m a t e r i a l  r e l e a s e .  Af tcr t h e  
m a t e r i a l  i s  r e c e i v e d ,  tlie t r a c k i n g  and a p p l i c a t i o n  o f  t h e  m a t e r i a l  i s  
d e p e n d e n t  upon when i t  is  a c t u a l l y  used  i n  t h e  c o n t r a c t .  Tha t  i s ,  m a t e r i a l  
t h a t  i s  n o t  u sed  immed ia t e ly  i s  h e l d  i n  a n  i n v e n t o r y  accoun t  and i s  n o t  
c h a r g e a b l e  t o  t h e  c o n t r a c t  u n t i l  i t  i s  a c t u a l l y  wi thdrawn from i n v e n t o r y  and 
i n  work. 
A l l  t h e  budge t  t o  t h e  c o s t  accoun t ;  need  n o t  b e  d i s t r i b u t e d  a t  once .  
T h e r e  may b e  a  budge t  f o r  a  s p e c i f i c  t a s k  when i t  i s  n o t  s c h e d u l e d  t o  s t a r t  
f o r  some L i m e .  T h i s  budge t  may b e  h e l d  by t h e  BHT P r o j e c t  Manager f o r  
i s s u a n c e  a t  a  time c l o s e r  t o  when t h e  t a s k  i : j  t o  be  accompl i shed  ( i . e . ,  
u n d i s t  r t b u  t e d  b u d g c t ) .  T l ~ r o u g h o u t  t h e s e  v a r i o u s  s t e p s ,  t h e  BH'C P r o j e c t  
blanager main t : i ins  a  r e c o r d  of t h e  b u d g e t s  h e  h a s  a s s i g n e d  f o r  t l i e  pe r -  
formance  o f  work and t h e n  IIC a d d s  up  t h e s e  b u d g e t s  t o :  ( 1 )  i n s u r e  h i m s e l f  
and  t h e  P r o j e c t  O f f i c e  t h a t  h e  h a s  n o t  i s s u e d  b u d g e t s  i n  e x c e s s  o f  t h e  
c o n t r a c t  b a s e l i n e  p l u s  Elanagernent Keserve ,  and ( 2 )  p r o v i d e s  h i m s e l f  and t h e  
P r o j e c t  O f f i c e  w i t h  some measu re  o f  t h e  p l anned  v a l u e  o f  t h e  work b e i n g  
per formed.  I f  t h e  P r o j e c t  O f f i c e  i s  n o t  owarc  o f  t h e  budgeted  v a l u e  of t h e  
work b e i n g  pe r fo rmed ,  t h e y  w i l l  n o i  he a w a r e  r G  any s i g n i f i c a n t  d e v i a t i o n  
f rom t h e  b u d g e t  s h o u l d  il: o c c u r .  
I n  summary, t h e  c o n t r a c t  t a r g e t  c o s t  is d i v i d e d  between Budge t s  and  
Management Reserve .  Budgets  a r e  i s s u e d  by t h e  C o n t r a c t o r ' s  P ro j ec t :  Manager 
t o  F u n c t i o n a l  Areas  and C o s t  Accoun t s ,  and F u n c t i o n a l  Areas  d i s t r i b u t e  t h e i r  
budge t  t o  O p e r a t i n g  1)cpnrtmcnts  and Work 1 '~ickages.  Plnnagement Rese rve  is 
h e l d  by t h e  P r o j e c t  biannger. 
Work packages  a r e  broken  i n t o  two t y p e s :  (1 )  t l l o se  w i t h  a d e f i n i t e  end 
p r o d u c t  o r  r e s u l t ,  and (2 )  t h o s e  which d o  n o t  llave a  d e f i n i t e  end p r o d u c t  o r  
r e s u l t .  Where an  end p roduc t  o r  r e s u l t  i s  known, t h e  work package  i s  g i v e n  
50% c r e d i t  o f  i t s  budge t  when i t  i s  a c t u a l l y  s t a r t e d ,  and t h e  o t h e r  50% 
c r e d i t  when i t  is  a c t u a l l y  f i n i s h e d .  Where no  end p r o d u c t  o r  r e s u l t :  i s  
f o r t h c o m i n g ,  t h e  t o t a l  budget  i s  d i v i d e d  by t h e  t o t a l  s chedu led  t i m e  and t h e  
work  package  e a r n s  c r e d i t  l i n e a r l y  o v e r  i t s  t o t a l  t imcspan  ( o r  l e v e l  o f  
e f f o r t ) .  This i s  a  d i s t o r t i n g  i n p u t  t o  t r u e  v a l u e  o f  pe r fo rmance  t o  d a t e ,  
and t h c r e f o r e ,  a s  Few a s  p o s s i b l e  of  t h e s e  t y p e s  o f  work packages  s h o u l d  be  
p e r m i t t e d .  I t  i s  t!ie summcltion of a l l  work-package c r e d i t  a t  any  one  p o i n t  
i n  time t h a t  e q u a l s  t h e  p l anned  v a l u e  o f  t h e  work pe r fo rmed ,  o r  t h e  Budgeted 
C o s t  of  Work Per formed (BCIJP) .  L ikewise ,  i t  is t h e  summation o f  t h e  s c h e d u l e  
p o r t i o n  of  t h e  work packages  and t h e  t o t a l s  o f  budge t  t h a t  were  s c h e d u l e d  t o  
b e g i n  o r  e n d ,  t h a t  e q u a l  t h e  Budgeted Cos t  o f  Work Scheduled  (BCWS) . The 
l a s t  r e p o r t i n g  p a r t  o f  t h e  work package  is  t h e  a c t u a l  c o s t  t h a t  h a s  been  
expended t o  d o t e ,  o r  A c t u a l  C o s t  of  Work Per formed (ACWP). 
CONTRACTOK REPORTING 
The f o r m a t  f o r  r e p o r t i n g  t o  t h e  P r o j e c t  Off i c e  u n d e r  t h e  BHT ElCS s y s t e m  
i s  t h e  Cos t  Per formance  Repor t  (CPR) (f  i g .  4 ) .  T h i s  r e p o r t  shows t h e  t h r e e  
e l e m e n t s  o f  work package  summation (BCWP, BCWS, ACWP) d i s c u s s e d  above  f o r  t h e  
c u r r e n t  month and c u m u l a t i v e  t o  d a t e  f o r  each e l e m e n t  o f  t 1 1 ~  CWBS. It  a l s o  
shows,  i n  column 1 2 ,  t h e  budge t  (Budget B a s e l i n e  p l u s  Management Rese rve )  
t h a t  has  been  a p p l i e d ,  and i n  column 1 3  shows t h e  L a t e s t  Revised  E s t i m a t e  
( t h e  c u r r e n t  e s t i m a t e  t h a t  t h e  C o n t r a c t o r  h a s  g e n e r a t e d  a s  t o  what  i t  w i l l  
a c t u a l l y  t a k e  t o  do  t h e  j o b ) .  Columns 5 ,  6 ,  1 0 ,  and 11, t i t l e d  V a r i a n c e ,  are 
t h e  c a l c u l a t i o n s  of pe r fo rmance .  To h e l p  e x p l a i n  t h e  v a r i a n c e  co lumns ,  a 
f i g u r e  of a t y p i c a l  s e r i e s  of  work packages  h a s  been i n c l u d e d  ( f i g .  5 ) .  A l l  
l a b o r  on work  packages  is  budgeted  i n  h o u r s .  D i r e c t  r a t e s  ar.d ove rhead  a r e  
a p p l i e d  u s i n g  computer  programs.  The f i g u r e  shows t h a t  d e s i g n  was s c h e d u l e d  
t o  s t a r t  o n  J a n u a r y  9 ,  b u t  d i d  n o t  a c t u a l l y  s t a r t  u n t i l  J a n u a r y  1 4 .  Because  
i t  was schedu led  t o  s t a r t  on January 9 ,  on t h a t  d a t e  i t  r e c e i v e d  50X of  
budget  a s  BCWS. A s  of January  9 BCWS = 50,  BCWP = 0 ,  and ACWP 0. The 
v a r i a n c e  columns would show schedu le  v a r i a n c e  +50. When t h e  d e s i g n  a c t u a l l y  
s t a r t e d  ( January  1 4 )  i t  r e c e i v e d  50% of  budget a s  BCWP. As t h e  work had n o t  
y e t  been s t a r t e d ,  t h e r e  would be r.o c o s t  v a r i a n c e .  On January  1 4  BCWS = 50, 
BCWP = 5P ( t h e  job  had a c t u a l l y  s t a r t e d ,  t h u s  they  g e t  502 of budget i ~ s  
c r e d i t )  id ACWP would e q u a l  whatever had a c t u a l l y  beep expended. By 
February  4 ,  the. r e p o r t  would read  BCWS = 100 ( t h e  job  was scheduled t o  be 
comple ted) ,  BCWP = 50 ( t h e  j o b  was s t i l l  n o t  completed s o  they  would o n l y  g e t  
50% c r e d i t ) ,  and a g a i n  ACWP would e q u a l  whatever hod been expended. The 
s c h e d u l e  v a r i a n c e  column would e q u a l  -50 (BCWP - BCWS), s i g n i f y i n g  t h a t  t h e  
j o b  is  behind schedu le .  By February  25 t h e  d e s i g n  was complete  and t h e  
r e p o r t  would l o o k  l i k e  t h i s :  BCWS = 100 ( t o t a l  c r e d i t  beciluse t h e  job  i s  
d o n e ) ,  BCWP = 1 0 0  (same r e a s o n ) ,  and ACWP = 150. The schedu le  v a r i a n c e  
column would e q u a l  0 ( t h e  job  i s  done) and t h e  c o s t  v a r i a n c e  column would 
e q u a l  -50 ( t e l l i n g  u s  t h e  job  over ran  i t s  budget by 50) .  As cnn be s e e n  
d u r i n g  t h i s  same per iod  of t ime ,  t h e  f a b r i c a t i o n  e f f o r t  began. T h i s  work 
package would be  accounted f o r  j u s t  l i k e  d e s i g n .  A 1 1  f u n c t i o n a l  a c t i v i t i e s  
of  work packages a r e  summnrizcd , d i r c c  t l a b o r  and overhead rn t e s  a p p l i e d ,  
m a t e r i a l  d o l l a r ,  i f  any ,  taken i n t o  c o n s i d e r a t i o n ,  and t h e  f i n a l  summation of 
a l l  work packages on a  WBS element  r e p o r t e d  on t h e  CPK. The e q u a t i o n s  f o r  
c a l c u l a t i n g  t h e  v a r i a n c e s  a r e :  
Schedule  Var iance  = BCWP - RCWS 
Cost  Var iance  = BCWP - ACWP 
It shou ld  be  noted t h a t  a t  program complet ion,  assuming a l l  t h e  work 
g e t s  done,  BCWS w i l l  e q u a l  BCnJP, which w i l l  a l s o  equal. budget .  Thus, t h e  
a b i l i t y  t o  p r o j e c t  s c h c d u l e  v a r i a n c e  i s  on ly  p o s s i b l e  whi le  t h e  work i s  i n  
p r o g r e s s .  A t  p r o j e c t  c o n c l u s i o n  t h e r e  w i l l  be no sc\lcdul.e v a r  innccs .  Cost 
v a r i a n c e  can  b e  determined any t ime d u r i n g  t h e  p r o j e c t .  A t  p r o j e c t  con- 
c l u s i o n ,  t h e  c o s t  v a r i a n c e ,  whether p o s i t i v e  o r  n e g a t i v e ,  w i l l  e q u a l  p r o j e c t  
underrun o r  o v e r r u n ,  r e s p e c t i v e l y .  
I n  a d d i t i o n  t o  t h e  numerical. pages  of t h e  CPR, t h e r e  was a t t a c h e d  a 
n a r r a t i v e  a n a l y s i s  of t h e  s c h e d u l e / c o s t  v a r i a n c e s  t h a t  were r e q u i r e d  i f  t h e  
v a r i a n c e  exceeded a  predetermined c r i t e r i a  ( i . e . ,  i 1 0 % ,  o r  some o t h e r  agreed 
t o  p e r c e n t ) .  Also ,  t o  s u p p o r t  t h e  CPR t h e r e  i s  a  computer l i s t i n g  a v a i l a b l e  
which b r e a k s  each WBS clement down by each f u n c t i o n a l  l a b o r  c a t e g o r y ,  each 
overhead c h a r g e ,  and each  m a t e r i a l  accoun t .  
On a  q u a r t e r l y  b a s i s  t h e  BHT P r o j e c t  Manager r e q u e s t s  e s t i m a t e s  from 
each  c o n t r a c t o r  f u n c t i o n a l  o r g a n i z a t i o n  f o r  t h e  remainder of t h e  work t o  be  
done. These e s t i m a t e s ,  combined w i t h  t h e  a c t u a l s  t o  d a t e ,  a r e  t h e  numbers 
t h a t  appear  i n  t h e  col i~mn t i t l e d  L a t e s t  Revised Es t ima te  (LRE) .  By comparing 
t h e s e  LREs w i t h  t h e  o r i g i n a l  budget column one can  e a s i l y  i d e n t i f y  t h e  
problem a r e a 3  of t h e  P r o j e c t .  The l a s t  column on t h e  CPR i s  t h e  v a r i a n c e  o r  
d i f  r r e n c e  between t,he budget numbers and t h e  LW. 
PROJECT OFFICE ANALYSIS 
Now t h a t  t h e  major f u n c t i o n s  of t h e  MCS system and t h e  b a s i c  r e p o r t i n g  
t h e  P r o j e c t  O f f i c e  r e c e i v e s  have been e x p l a i n e d ,  t h e  u s e  t h e  P r o j e c t  O f f i c e  
makes of t h i s  m a t e r i a l  and t h e  p a r t  t h a t  i t  p l a y s  i n  p r o j e c t  management w i l l  
be d i s c u s s e d .  
The PWBS, and l a t e r  t h e  CWBS, were designed t o  e s t a b l i s h  a  means f o r  a n  
o r d e r l y  t r a c k i n g  of t h e  p r o g r e s s  of t h e  T i l t  Rotor P r o j e c t ;  t h a t  is,  t o  
s e p a r a t e  t h e  t o t a l  p r o j e c t  i n t o  smal l  enough inc rements  of work s o  t h a t  
t e c h n i c a l  c o o r d i n a t o r s  ( P r o j e c t  Engineers)  from bo th  t h e  Government and t h e  
Cont rac to r  cou ld  f o l l o w  t h e  e f f o r t  t h a t  was t a k i n g  p lace .  The P r o j e c t  O f f i c e  
Engineers  were ass igned  WBS e lements  c o n s i s t e n t  w i t h  t h e i r  e x p e r t i s e .  They 
were charged n o t  o n l y  w i t h  t h e  t e c h n i c a l  s t a t u s  of t h e i r  e lements ,  b u t  a l s o  
w i t h  t h e  s c h e d u l e  and c o s t  s t a t u s .  T h i s  approach was t aken  a s  i t  was f e l t  
t h a t  t h e  t e c h n i c a l  c o o r d i n a t o r  would be b e t t e r  aware of what had t aken  p l a c e ,  
o r  was y e t  t o  t a k e  p l a c e ,  and be a b l e  t o  render  a  more o b j e c t i v e  judgment on 
budget expended f o r  p r o g r e s s  made. Day t o  day c o n t a c t  w i t h  t h e i r  coun te r -  
p a r t s  a t  t h e  c o n t r a c t o r ' s  p l a n t ,  r ev iews  of drawings ,  s p e c i f i c a t i o n s ,  p l a n s ,  
r e p o r t s ,  and a n a l y s e s  o f  t e c h n i c a l  problems f ~ r t h e r  s u p p o r t  t h i s  premise.  A 
formal  t r a i n i n g  program was i n s t i t u t e d  e a r l y  i t r  t h e  p r o j e c t  t o  f a m i l i a r i z e  
t h e  Engineers  w i t h  t h e  MCS system. They were n o t  expected t o  become e x p e r t s  
on t h e  system, bu t  t o  unders tand i t  s u f f i c i e n t l y  t o  r e n d e r  judgments. Using 
Cont rac to r  r e p o r t s ,  they  were t o :  (1) look  a t  t h e  amount of r e s o u r c e s  
consumed by t h e i r  e lements  t o  d a t e  (ACWP), (2) de te rmine  what p o r t i o n  of t h e  
i n i t i a l  e s t i m a t e s  were a s s o c i a t e d  w i t h  t h e  s p e  i f i c  j o b s  accomplished t o  
d a t e  (BCWP), and (3) de te rmine  t h e  e s t i m a t e s  f o r  t h e  work remaining i n  t h e i r  
e lements  (LIZE) and amount of r e s o u r c e s  a v a i l a b l e  t o  be s p e n t .  They were t o  
t r a c k  t h e i r  e lements  i n  d i r e c t  l a b o r  hours  and material ( i n c l u d i n g  sub- 
c o n t r a c t )  d o l l a r s  on ly .  D i r e c t  l a b o r  d o l l a r s  and overhead rates would be  
t r a c k e d  on a t o t a l  p r o j e c t  b a s i s  by t h e  P r o j e c t  Cont ro l  O f f i c e r .  It was 
hoped t h a t  t h i s  approach would a l e r t  b o t h  t h e  P r o j e c t  O f f i c e  and t h e  
Cont rac to r  e a r l y  t o  t e c h n i c a l ,  schedu le ,  o r  c o s t  problems and would p r o v i d e  
a s s i s t a n c e  i n  i d e n t i f y i n g  t h e  a l t e r n a t i v e s  a v a i l a b l e  f o r  t h e  f u t u r e .  A 
P r o j e c t  S t a t u s  Room was e s t a b l i s h e d  where c h a r t s  f o r  each  a c t i v e  WBS element  
were mainta ined ( f i g .  6 ) .  I n  a d d i t i o n ,  c h a r t s  were mainta ined i n  t h i s  room 
a t  t h e  summary l e v e l s  ( l e v e l s  1 and 2) of t h e  CWBS and f o r  d i r e c t  l a b o r  
rates, overhead rates, f u n c t i o n a l  manpower l e v e l s ,  and e n g i n e e r i n g  drawing 
r e l e a s e s .  The room was mainta ined s o  t h a t  p r o j e c t  management and t o p  Center  
management c o u l d ,  a t  any t ime,  r ev iew up-to-date s t a t u s  on t h e  p r o j e c t .  
PROJECT OFFICE ESTIMATING 
Approximately one year  a f t e r  t h e  Phase I1 c o n t r a c t  award, t h e  P r o j e c t  
O f f i c e  became aware t h a t  t h e  t o t a l  e f f o r t  c o n t r a c t e d  f o r  could  n o t  be 
completed f o r  t h e  funds  t h a t  were d e s i g n a t e d  f o r  t h e  c o n t r a c t .  T h i s  e a r l y  
awareness of a p o t e n t i a l  over run  can b e  l a r g e l y  a t t r i b u t e d  t o  t h e  c o s t /  
Performance Management System. An a n a l y s i s  t echn ique  was d e r i v e d  u s i n g  t h e  
d a t a  on t h e  CPRs t h a t  enab led  t h e  P r o j e c t  O f f i c e  t o  complete  i t s  own 
Es t ima te  a t  Completion (EAC).  T h i s  a n a l y s i s  h a s  been used over  t h e  c o u r s e  
of  t h e  program w i t h  c o n s i s t e n t  accuracy  and h a s  enabled t l ie  P r o j e c t  O f f i c e  
t o  t ake  a p p r o p r i a t e  s t e p s  e a r l y  enough t o  l e s s e n  t h e  over run .  The d e t a i l s  of 
t h i s  a n a l y s i s  t e c h n i q u e  f o l l o w .  
The ProJecc  O f f i c e  h a s  been p r e p a r i n g  i ts  own "snapshot" EAC f o r  t h e  
T i l t  Rotor Prime Cont rac t .  T h i s  a n i l l y s i s  u s e s  t h e  C o n t r a c t o r ' s  ~nontl l ly CPR 
and p r o j e c t s  a n  e s t i m a t e  a t  complet ion based on cumula t ive  performance ( i n  
d i r e c t  l a b o r  h o u r s )  t o  do te .  BCWP, which is  measure of how mucll scheduled 
work h a s  been done,  i s  d i v i d e d  by t h e  c u r r e n t  budget ( a l s o  c a l l e d  t h e  
Performance Measurement B a s e l i n e  (PMB)). The PMB i s  t h e  o r i g i n a l  budget t h e  
C o n t r a c t o r  a s s i g n e d  t o  d o  a  g iven j o b  p l u s  any Hanup,ement Reserve t h a t  h a s  
been added o r  s u b t r a c t e d  f o r  chunges t o  t h e  scope of t h a t  work. 'rhc 
r e s u l t i n g  f r a c t i o n  t imes  1 0 0  e q u a l s  t h e  p e r c e n t  complete  ( s i n c e  a t  p r o j e c t  
comple t ion  BCWP w i l l  e q u a l  t h e  budge t ) .  T h i s  pe rcen tage  is tlren pu t  i n t o  t h e  
e q u a t i o n  
X Complete 
ACWP X 
ACWP b e i n g  t h e  a c t u a l  hours  t h a t  have t h u s  f:lr been expended t o  accomplish  
t h e  work t h a t  h a s  been done.  A t  c o n t r a c t  con,, l e t i o n  ACIJP w i l l  e q u a l  t h e  
t o t a l  d i r e c t  h o u r s  expended on t h e  c o n t r a c t .  By s o l v i n g  t h e  above cqun t lon  
f o r  X ,  w e  g e t  t h e  t o t a l  e s t i m a t e d  h o u r s  it  w i l l  t a k e  t o  do  t h e  j o b  based on 
t h e  c u r r e n t  cumula t ive  performance t o  d a t e  and t h e  c u r r e n t  l e v e l  of  
e f f i c i e n c y .  By l o o k i n g  beck a t  f i g u r e  5 ,  t h e  example o f  work-package 
p lann ing ,  one can  s e e  t h a t  t h e  v a l i d i t y  of  t h i s  p rocess  could b e  cha l l enged  
e a r l y  fa t h e  program because  vork packages do  not  r e c e i v e  tlie f u l l  c r e d i t  of 
budget (BCWP) u n t i l  they o r e  complete ,  bu t  a l l  t h e  w h i l e  they  a r e  being 
c r e d i t e d  w i t t i  t h e  a c t u a l  h o u r s  expended. One can a l s o  v i s u a l i z e .  however, 
t h a t  a £  ter t h e  c o n t r a c t o r  113s bee11 perforniiug f o r  an  'xtcnded pe r iod  of  t ime,  
and due t o  t h e  s h o r t  term of  tlie work packages ,  t h e  c r e d i t i n g  of BCNP w i l l  
ave rage  o u t .  U s i ~ ~ g  t h e  e s t i m a t e d  liours c a l c u l n t e d  by t h e  above method f o r  
each f u n c t i o n a l  o r g e t ~ i z n t i o n ,  d i r e c t  l a b o r  o t ~ d  overliead r a t e s  from t h e  
n e g o t i a t e d  Forward P r i c i n g  Rate  b rochure  ( d i r e c t  l a b o r  and overherad r a t e s  a r e  
n e g o t i a t e d  on a  y e n r l y  b a s i s  between tlie C o n t r a c t o r  nnd t h e  Resident  
Government P l a n t  R e p r e s e n t a t i v e  and are used f o r  f o r e c a s t i n g  f u t u r e  expendi-  
t u r e s )  a r e  then a p p l i e d  t o  y i e l d  d o l l a r s .  I n  t h e  c a s e  of t h e  T i l t  Rotor 
P ro jec l t ,  m a t e r i a l  do1l:lrs ( i n c l u d i n g  s u b c o n t r a c t s ) ,  which were a  major 
p o r t i o n  o f  t h e  t o t a l  c o n t r a c t  d o l l a r s  (37X), were e s t i m a t e d  s e p a r a t e l y .  The 
P r o j e c t  O f f i c e  g e n e r a l l y  accep ted  t h e  t o t a l  m a t e r i a l  d o l l a r  e s t i m a t e  prepared 
by t h e  C o n t r a c t o r  a s  t h e r e  was no q u a l i t a t i v e  means d e t e r m i n i n g  any 
i n a c c u r a c i e s .  It was f e l t  t h a t  t h i s  approach w a s  j u s L i f i e d  as a l l  major 
s u b c o n t r a c t s  were subm,irted t o  t h e  P r o j e c t  O f f  i c e  f o r  a p p r o v a l  and t h e i r  
c o s t s  a r e  e a s i l y  i d e n t i f i a b l e .  The l a r g e s t  major s u b c o n t r a c t o r ,  Rockwell 
I ~ ~ t e r ~ ~ e t i o ~ ~ a l - T u l s a  D i v i s i o n  (RI-T) ( f u s e l a g e / e m p e n n a ~ e ) ,  r e p o r t e d  t o  t h e  
Prime Cont r i l c t a r  i n  the  MCS Format. Copies  of t h e  RI-T r e p o r t s  were 
f u r n i s h e d  t o  t h e  P r o j e c t  O f f i c e .  F u r t h e r ,  t h e  Prime C o n t r a c t o r  was r e q u i r e d  
t o  d e t a i l  a l l  m a t e r i a l  payments a s  a n  ottacliment t o  each  p u b l i c  voucher t h a t  
was submitted f o r  payment. Simple a d d i t i o n  of t h e  d i r e c t  l abo r  and over- 
head d o l l a r s  p l u s  t h e  Contractor  m a t e r i a l  d o l l a r s  gave t h e  P ro j ec t  Off ice  an  
e s t ima te  a t  completion f o r  t h e  con t r ac t .  
Another method used by t h e  P ro j ec t  Off ice  f o r  e s t ima t ing  t o t a l  c o n t r a c t  
c o s t ,  u t i l i z e d  t h e  Con t r ac to r ' s  cumulative e f f i c i e n c y .  Th i s  method of 
e s t ima t ing  s t a r t e d  l a t e r  i n  t h e  ProjecL (October 1976),  a t  t h e  t i m e  t h e  
Contractor  submitted t h e i r  f i r s t  formal overrun proposal .  Again, knowing 
t h a t  a t  p r o j e c t  completion BCWP hours would equa l  t h e  budget hours and ACWP 
hours  would equa l  t h e  t o t a l  hours  a c t u a l l y  expended, by comparing t h e  t o t a l  
budget hours wi th  t h e  t o t a l  hours i n  t h e  Con t r ac to r ' s  LRE, t h e  pro jec ted  
e f f i c i e n c y  f o r  t h e  o v e r a l l  c o n t r a c t  i n  terms of budget could be determined. 
Using the  CPRs f o r  t h e  t o t a l  p r o j e c t ,  t h e  P r o j e c t  Of f i ce  ca l cu l a t ed  a t  what 
e f f i c i e n c y  the  Contractor  had been performing on a month by month, year t o  
yea r ,  and cumulative t o  d a t e  b a s i s .  Comparing t h i s  h i s t o r i c a l  d a t a  t o  t he  
c u r r e n t  p r o j e c t i o n  enabled t h e  P ro j ec t  Off ice  t o  determine i f  the  Contractor  
was p r e d i c t i n g  t h a t  they were going t o  ge t  more o r  less e f f i c i e n t .  For t h e  
P r o j e c t  Of f i ce  t o  p r o j e c t  what o v e r a l l  e f f i c i e n c y  would be a t  t he  end of t h e  
c o n t r a c t  was a very d i f f i c u l t  and sub jec t ive  t a s k .  The approach taken was t o  
look a t  how many budget hours had been earned and how many were est imated a s  
ye t  t o  be earned (budget minus cu r r en t  BCWP t o  d a t e ) .  Assuming t h a t  t h e  
cumulative e f f i c i e n c y  would g e t  no b e t t e r  o r  worse,  and i n  f a c t  would remain 
t h e  same f o r  t h e  balance of t h e  c o n t r a c t ,  t he  P r o j e c t  Of f i ce  was then a b l e  t o  
p r e d i c t  what cumulative e f f i c i e n c y  would be a t  p r o j e c t  completion. 
BCWP Remaining = (Budget - BCWP t o  d a t e )  
- BCWP Remaining = cu r r en t  year e f f i c i e n c y  (no b e t t e r l n o  
X 
worse p ro j ec t ed )  
X = Estimated ACWP Remaininp 
Budget 
ACWP t o  d a t e  + ACWP Remaining = % cumulative e f f i c i e n c y  a t  p r o j e c t  completion. 
Knowing what t h e  e f f i c i e n c y  would be a t  p r o j e c t  completion the  P r o j e c t  Of f i ce  
could then compute from the  budget and cu r r en t  con t r ac to r  LRE what t he  
est imated hours would be. 
Bud e t  -= % cu r r en t  e f f i c i e n c y  LRE 
Bud e t  
= ca l cu l a t ed  end of p r o j e c t  e f f i c i e n c y  X 
X = ca l cu l a t ed  hours  a t  p r o j e c t  completion 
Appropriate  d i r e c t  l abor  and overhead r a t e s  were then appl ied  a s  i n  t h e  
EAC method. Likewise,  m a t e r i a l  d o l l a r s  were added t o  g e t  a t o t a l  c o n t r a c t  
es t imated  c o s t .  There a r e  o t h e r  techniques t h a t  may be used i n  one ' s  
a n a l y s e s  o f  a c o n t r a c t  t h a t  i s  b e i n g  managed w i t h  a  Cos t /Pe r fo rmance  System 
t h a t  h a v e  n o t  been  d i s c u s s e d  i n  t h i s  p a p e r  b u t  which may be found i n  
r e f e r e n c e s  1 and 2 .  
CONCLUSIONS AND RECOWIENDATIONS 
The p r imary  pu rpose  o f  a  C o n t r a c t o r ' s  C o s t  Per formance  Measurement 
System is  t o  p r o v i d e  t i le  C o n t r a c t o r  and t h e  Guvernment w i t h  t r e n d  i n f o r m a t i o n  
on c o s t ,  s c h e d u l e ,  and t e c h n i c a l  problems w b i l e  t h e y  a r e  o c c u r r i n g  and w h i l e  
t h e r e  is  time a v a i l a b l e  t o  make d e c i s i o n s  o l  t o  t o k c  a l t e r n a t i v e  c o u r s e s  of  
a c t i o n .  The d e c i s i o n  t o  u s e  t h e  C o s t / ~ e r I o r m a n c e  System on t h e  T i l t  Ro to r  
Resea rch  A i r c r a f t  Prime C o n t r a c t  was a n  e x c e l l e n t  one .  The c o m p l e x i t y  o f  
t h i s  a i r c r a f t  and  t h e  d o u b l e - d i g i t  i n f l a t i o n  t h a t  t o o k  p l n c c  d u r i n g  t h e  pr ime 
f u n d i n g  y e a r s  o f  t h e  c o n t r a c t  have  c e r t a i n l y  had t h e i r  e f f e c t  o n  what t h e  
f i n a l  c o s t  w i l l  be .  P r o j e c t  Management h a s  n o t  l i k e d  t h e  magn i tude  o f  t h e  
t o t a l  e s t i m a t e d  c o s t  of  t h e  P r o j e c t .  However, t h e  e a r l y  d e t e c t i o n  of  t h e  
o v e r r u n  was made p o s s i b l e  b e c a u s e  o f  t h e  ~ o s t / P e r f o r m a n c e  System f a r  e a r l i e r  
i n  t h e  P r o j e c t  t h a n  on p a s t  contracts t h a t  d i d  n o t  u t i l i z e  t h i s  p r o c e d u r e .  
Wi thout  t h i s  s y s t e m ,  t h e  t o t a l  magn i tude  o f  t h e s e  e f f e c t s  would n o t  have  been 
r e a l i z e d  u n t i l  i t  was t o o  l a t e  f o r  Management t o  t a k e  c o r r e c t i v e  a c t i o n .  Too 
o f t e n  i n  t h e  p a s t ,  p r o j e c t s  have  c o l l e c t e d  v a s t  amounts  of  i n f o r m a t i o n  which 
h a s  s i m p l y  remained  i n  p i l e s  o f  p a p e r .  The Cos t /Pc r fo rmancc  System r e p o r t s  
have  been  u t i l i z e d  e x t e n s i v e l y ,  and  P r o j e c t  Managers  have  found tlley were 
a b l e  t o  d i s c u s s  problems based  Qn a n  a n a l y s i s  of  t h e  d a t a .  Conf idence  i n  t h e  
r e p o r t s  and e s t i m a t i n g  t e c h n i q u e s  have  e n a b l e d  d e c i s i o n s  t o  be  made 011 ma jo r  
scope  changes .  The ~ o s t / P e r f o r m a n c e  System i s  f e l t  t o  be  a  w o r t h w h i l e  t o o l  
of  P r o j e c t  management; however,  t h e r e  a r e  a s p e c t s  of t h e  sys t em t h a t  merit 
change.  A s  s t a t e d  e a r l i e r ,  t h e  Cos t  Account Managers were g i v e n  b u d g e t s  f o r  
t h e  work i n  t h e i r  f u n c t i o n a l  a r e a s .  The b u d g e t s ,  however,  were  i n  d i r e c t  
h o u r s  and  m a t e r i a l  d o l l a r s .  A s  no  d o l l a r  b u d g e t s  were  a s s o c i a t e d  w i t h  t h e  
d i r e c t  I - o u r s ,  t h e  Cos t  Account  Managers were n o t  immed ia t e ly  aware  of t h e  
e f f e c t  o f  i n f l a t i o n  on l a b o r  r a t e s .  They were g i v e n  t h e  f a l s e  i m p r e s s i o n  
t h a t  as  l o n g  a s  t h e y  d i d  t h e  work w i t h i n  t h e  a s s i g n e d  budse t  t lours  a 1 1  was 
w e l l ,  n o t  r e a l i z i n g  t h a t  a  t e n  p e r c e n t  i n c r e a s e  i n  d i r e c t  r a t e s  t r a n s l a t e s  t o  
a s u b s t a n t i a l  o v e r r u n  when a l l  o v e r h e a d s  are a p p l i e d .  It is  recommended t h a t  
t h e  C o s t  Account Managers b e  g i v e n ,  n o t  o n l y  d i r e c t  hou r  b t l dge t s ,  b u t  a l s o  
d o l l a r  b u d g e t s  a s s o c i a t e d  w i t h  t h e s e  h o u r s .  T h i s  s h o u l d  a f f o r d  t h e  C o s t  
Account Manager a b e t t e r  u n d e r s t a n d i n g  of  t h e  f i n a n c i a l  a s p e c t s  of  t h e  
program, and t h u s  g i v e  him f l e x i b i l i t y  t o  c h o o s e  t h e  pay c a t e g o r y  of p e o p l e  
t o  dc  t h e  j ob .  An a p p r e n t i c e  may t a k e  l o n g e r  t o  do n j o b  b u t  n o t  c o s t  a s  
much a s  a  journeyman (and j u s t  t h e  o p p o s i t e ) .  
A s  t h e  p r o j e c t  d r aws  c l o s e r  t o  c o m p l e t i o n  i t  s h o u l d  be n o t e d  t h a t  pe r -  
formance  i n  t h e  form of  BCWP l o s e s  some of  i t s  s i g n i f i c a n c e .  T h i s  s h o u l d  be  
k e p t  i n  mind and  a l t e r n a t e  forms of  t r a c k i n g  - a c t u a l .  men on  t h e  p r o j e c t  v s  
a c t u a l  work accompl i shed  - s h o u l d  be  u t i l i z e d .  That  i s ,  when t h e  manpower 
peaks  a r e  l o n g  s i n c e  p a s t  and m a t e r i a l  and s u b c o n t r a c t  c o s t s  have  been  
i n c u r r e d ,  i t  may b e  wise t o  t r a c k  p r o g r e s s  d i f f e r e n t l y .  L t  h a s  been found  
t h a t  t h e  g r e a t e s t  b e n e f i t  o f  t h e  C o s t / ~ e r f ~ . r m a n c e  System was r e a l i z e d  d u r i n g  
t h e  h i g h e s t  manpower/cost p e r i o d s  of t h e  p r o j e c t .  It i s  a l s o  recommended 
t h a t  t h e  v a r i o u s  Cost Account Managers be made e q u a l  t o ,  o r  s u t o r d i n a t e  t o ,  
t h e  C o n t r a c t o r  P r o j e c t  Manager. On t h e  T i l t  Rotor P r o j e c t  t h e  Cost  
Account Managers were h i g h e r  i n  t h e  Company management h i e r a r c h y  than  t h e  
P r o j e c t  Manager. T h i s  made t h e  g i v e  and t a k e  of  d a i l ,  p r o j e c t  management 
o p e r a t i o n s  more d i f f i c u l t .  
A Cost/Performance Management System may n o t  be s u i t e d  f o r  e v e r y  
c o n t r a c t ,  b u t  i t  should c e r t a i n l y  be  cons ide red  f o r  t h o s e  where t h e  
complexi ty  of t h e  e f f o r t  o r  fund ing  c o n s t r a i n t s  a r e  predetermined t o  be 
s i g n i f i c a n t .  
APPENDIX 
Actual Cost of Work Performed (ACWP) - t h e  a c t u a l  c o s t  incur red  aga ins t  any 
work package. 
Budget Base l ine  - t h e  d i s t r i b u t i o n  of t h e  c o n t r a c t  t a rgec  c o s t  t o  Contract  
Work ~reakdown-s t r u c  t u r a l  Elements by f u n c t i o n a l  o r g a n i z a ~ i o n .  
Budget Cost of Work Performed (BCWP) - the  sum of t h e  budgets f o r  completed 
work ~ a c k a g e s  and completed po r t i ons  of open work packages p lu s  t 2 equ;Vable 
por t ion  of l e v e l  of e f f o r t  work packages. 
Budget Cost of Work Scheduled (BCWS) - t h e  sum of t h e  budgets f o r  work 
packages scheduled t o  be accomplished, p lu s  t h e  amount of e f f o r t  scheduled t a  
be accomplished wiLhin a  given period of t i m e  on l e v e l  of e f f o r t  work 
packages. 
Contract Work Breakdown S t r u c t u r e  (CWBS) - t h e  WBS t h a t  i s  negot ia ted  and 
becomes an  o f f i c i a l  p a r t  of t h e  c o n t r a c t  Statement of Work. 
Cost Account - a  summary l e v e l  w i th  t h e  p r o j e c t  o rgan iza t ion  f o r  o v e r a l l  
con t r ac t  planning and con t ro l .  The c o s t  account r e p r e s e n t s  t h e  func t iona l  
o rgan iza t ion  r e s p o n s i b i l i t y  f o r  work. 
Cost Account Manager (Contractor)  - t h e  person i n  t h e  f u n c t i o n a l  o rgan iza t ion  
who i s  r e spons ib l e  f o r  the  o v e r a l l  planning, c o n t r o l ,  work accomplishment, 
and performance r epo r t i ng .  
Cost V a r i a n ~  - an express ion  of t he  d i f f e r e n c e  between BG!P and ACWP. A 
p o s i t i v e  number means under c o s t  and a  nega t ive  number means over  cos t .  
Estimate a t  Completion (EAC) - an e s t ima te  prepared by t h e  Government f o r  
a n t i c i p a t e d  t o t a l  c o s t  of t h e  wnr!: when it is completed. 
La t e s t  Revised Est imate  (LRE) - t h e  a n t i c i p a t e d  a c t u a l  c o s t  when t h e  work is  
completed (prepared by the  Cont rac tor ) .  
Level of E f f o r t  - a work package t h a t  does no t  have an end product o r  r e s u l t .  
Manapement Reserve - t h a t  p o r t i o n  of t h e  c o n t r a c t  t a r g e t  c o s t  t h a t  is no t  
d i s t r i b u t e d ,  but which is in s t ead  held by t h e  Contractor  P r o j e c t  Manager t o  
maintain t h e  a b i l i t y  t o  fund au thor ized  t a s k s  t h a t  were no t  provided f o r  i n  
t h e  o r i g i n a l  e s t ima te s ,  o r  provide a d d i t i o n a l  funds t o  overrun work packages. 
Performance Measurement Basel ine (PMB) - t h e  simple a d d i t i o n  of t h e  Budget 
Basel ine and t h e  Management Reserve l e f t  und i s t r i bu t ed .  
P r o j e c t  O f f i c e  Work Breakdown S t r u c t u r e  (PWBS) - a WBS crea ted  by t h e  P r o j e c t  
Of f i ce  f o r  t h e  T i l t  Rotor procurement. 
Schedule  Var iance  - i ~ r i  e x p r e s s i o n  of  t h e  d i f f e r e n c e  between BCWS and BCWP. 
--- 
A p o s i t i v e  number means ahead o f  schedu le  and a  n e g a t i v e  number means behind 
schedu le .  
Sta tement  o f  Work (SOW) - a  d e s c r i p t i o n  o f  t h e  t a s k s ,  p r o d u c t s ,  and /o r  
s e r v i c e s  t o  be procured s t a t e d  a s  f u l l y ,  c l e a r l y ,  and p r e c i s e l y  a s  p o s s i b l e ,  
The SOW s e r v e s  n s  o b a s i s  f o r  c o n t r a c t o r  r e s p o n s e ,  e v a l u a t i o n  of  p r o p o s a l s ,  
and s o u r c e  s e l e c t i o n s .  
Work Breakdown St_r~~_tr,l~r_e--@nS_>_> - a  s imple  family  t r e e - t y p e  s u b d i v i s i o n  of 
-
p r o d u c t s ,  components, work t a s k s ,  *ind s e r v i c e s  r c q u i r c d  t o  a c h i e v e  a  d e s i r e d  
g o a l  o r  end produc.t. 
Work Packagr - il d e t a i l e d  t a s k  or  purchnsed m a t e r i a l  i tem wi th  a c o s t  
account .  The guidn11c.e and budget fo r  a deportment w i t 1 1  o fu r l c t iona l  
o r g a n i z a t i o n .  
REFERENCES 
1. NASA Handbook 9501.2A. Procedures for Contractor Reporting of Correlated 
Cost and Performance Data. October 1971. 
2. DOD Instruc,tion 7000.2. Performance Measurement for Selected 
Acquisition. 
3 .  Fox, Ronald J . :  Development of the DOD C/SCSC. Graduate School of 
Business, Harvard University. 
Level 1 - T i  1 t Rotor Research Ai r c r a f  t 
Level 2 - A i r  Vehicle 
Level 3 - Fuselage, Empennage, Landing Gear, Bal l a s t  System 
Wing, Nacelle 
Rotors 
Transmi ss i  ons , Cross Shaft ing 
Power Plant  
Fuel System 
Hydraul i c System 
E lec t r i ca l  System 
Envi ronmental Control System 
Emergency Egress System 
F l i g h t  Controls 
Stabi 1 i t y  and Control Augmentation System 
Crew Sta t  i on 
Comnunication, Navigation, and F l i g h t  Instruments 
Research Instrumentation 
Support Equipment and Systems 
A i r c r a f t  No. 1 Final  Assembly 
A i r c r a f t  No. 2 Final  Assembly 
Mock-up 
Level 2 - Test and Eva1 uat.ions 
Level 3 - Component Acceptance Tests 
Component Development Tests 
Propulsion Systems Tests 
Egress System Tests 
Integrated Systems Tests 
Ground T i  edown A i  r c r a f t  Tests 
Wind Tunnel A i r c ra f t  Tests 
Post Test A i r c r a f t  Refurbishment 
Contractor F l i g h t  Tests 
Government F l i g h t  Tests 
Simulations 
Level 2 - Data and Documentation 
Level 3 - Test P l  ans ii Procedures, and Test Reports 
Design Reports and Specif icat ions 
Inspecti  on and Mai ntenance Manual 
F l i g h t  Operation Manual 
Instrumentation and Data Acquis i t ion Manusi 
System Safety Document 
R&QA Plan 
Level - Spares 
Level 2 - Systems Project  Management 
Level 2 - Train ing 
















T i  1 t Rotor Research A i r c r a f t  
A i r  Vehic le 
Fuse1 age, Empennage, Landing Gear 
Fu sel  age 
Empennage 
Landing Gear 
Wing, Nacel le  
Wing 
Nacel 1 e 
Rotors 
Blade Assembly 
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?est  and Evaluat ion 
Component Acceptance Tests 
Component Devel opmen t Tests 
Systems Tests 
S t ruc tu ra l  Tests 
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Figure 2 . -  Concluded. 
Figure 3.- Cost account matrix. 
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